Background: Nutritional support plays a major role in the management of critically ill patients. This study aimed to compare the nutritional quality of enteral nutrition solutions (noncommercial vs. commercial) and the amount of energy and nutrients delivered and required in patients receiving these solutions. Materials and Methods: This cross-sectional study was conducted among 270 enterally fed patients. Demographic and clinical data in addition to values of nutritional needs and intakes were collected. Moreover, enteral nutrition solutions were analyzed in a food laboratory. Results: There were 150 patients who fed noncommercial enteral nutrition solutions (NCENS) and 120 patients who fed commercial enteral nutrition solutions (CENSs). Although energy and nutrients contents in CENSs were more than in NCENSs, these differences regarding energy, protein, carbohydrates, phosphorus, and calcium were not statistically significant. The values of energy and macronutrients delivered in patients who fed CENSs were higher (P < 0.001). Energy, carbohydrate, and fat required in patients receiving CENSs were provided, but protein intake was less than the required amount. In patients who fed NCENSs, only the values of fat requirement and intake were not significantly different, but other nutrition delivered was less than required amounts (P < 0.001). CENSs provided the nutritional needs of higher numbers of patients (P < 0.001). In patients receiving CENSs, nutrient adequacy ratio and also mean adequacy ratio were significantly higher than the other group (P < 0.001). Conclusion: CENSs contain more energy and nutrients compared with NCENSs. They are more effective to meet the nutritional requirements of entirely fed patients.
Introduction
Intensive Care Unit (ICU) is a special department in the hospital where critically ill patients are admitted for receiving constant and close monitoring by specially trained staffs. [1] Most patients admitted to the ICU are unable to take nutrition orally due to acute conditions or unconsciousness. Therefore, nutritional support is the main part of critically ill patient's care, which plays the significant role in their recovery. [2] Unfortunately, lack of adequate nutritional support has been led to incidence and progress of malnutrition among ICU patients. [3, 4] Malnutrition is related to several complications such as increase in disease severity, immune system impairment, infection, wound healing delay, and prolonged ventilator dependence. [5] [6] [7] Consequently, it leads to significant increased length of hospital stay as well as more care costs. [8, 9] It has been reported that around 15%-70% of patients are not in a suitable nutritional status at the time of hospital admission. [10, 11] The prevalence of malnutrition in ICU patients has been estimated approximately 43%. [10] Although there are no comprehensive statistics on malnutrition prevalence in Iran's hospitals, it has been reported around 25%-48% in most surveys. [12] [13] [14] On the other hand, inadequate nutritional support in these patients can result in deterioration of nutritional status and progress of malnutrition during hospitalization. [15] [16] [17] In summary, nutritional status monitoring and optimal nutritional delivery are essential practice in the critically ill patients which can reduce morbidity, mortality, and hospitalization costs. [18, 19] Enteral feeding is a kind of feeding method used for critically ill patients requiring nutritional support, in which a food mixture is administered through a tube or a catheter into digestive tract. [20, 21] Although commercial enteral nutrition solutions (CENSs) with defined composition are commonly used in hospitals around the world for over 20 years, some institutions prefer the use of non-CENSs (NCENS) for enterally fed patients. [22] NCENSs or blenderized tube feeding are food mixtures prepared manually in hospital kitchens containing egg, milk or yogurt, poultry or chicken meat, rice water, fruits, vegetables, and sometimes cooked nuts. [23] Despite supposed benefits of NCENSs (i.e., low-price and natural ingredients), there are several concerns about these solutions. It has been observed that there is high microbial contamination in NCENSs and consequently substantial risk for developing serious nosocomial infections which result in increased morbidity and mortality. [24, 25] However, CENSs are made sterilely and if used properly there is no possibility of their contamination. [26] On the other hand, caloric and nutrients contents of NCENSs as well as their ability in meeting the patients' nutritional objectives have been remained a matter of concern. The aims of this study were to compare the nutritional quality of enteral nutrition solutions (NCENSs vs. CENSs) and to assess the amount of energy and nutrients delivered and required in critically ill patients receiving these solutions.
Materials and Methods

Study population and design
This cross-sectional study was conducted in four hospitals in Isfahan, Iran, that selected through convenience sampling (from December 2014 to November 2015). We used this formula: Z (1− α/2) 2 × SD 2 /d 2 suggesting to calculate the sample size of cross-sectional studies, [27] where α (type 1 error) was 0.05, standard deviation (SD) of sodium was 7.10, [28] and d (difference in mean of sodium) was 0.84. The sodium was considered as the principal outcome variable. According to the formula, 270 patients were needed to participate in our study.
Inclusion criteria were patients aged ≥18 years, patients receiving enteral feeding, patients having length of ICU stay ≥3 days, and those patients whom their relatives agreed to complete a written informed consent. Exclusion criteria were death or discharge before 3 days, patients with no enteral feeding up to 48 h after admission to the ICU, patients with diabetes, liver diseases, kidney disorders, and burns (due to the specificity of the enteral nutrition solutions), and brain death patients. Finally, 270 patients who met these criteria were selected among the entire population of critically ill patients.
Data collection
Information regarding the admission diagnosis, age, and sex was collected from the patient's record. Height was measured by a nonelastic tape to the nearest 0.1 cm in the supine position. If it was not possible to measure the height in this position, forearm length from the tip of the olecranon process to the most distal end of the ulna styloid process was measured as an alternative measurement.
Weight was measured by bed scale, and if the beds had not any scale, ideal body weight was calculated for patients. Midupper arm circumference (MUAC) was measured using a nonelastic tape to the nearest 0.1 cm. Body mass index (BMI) was calculated as weight divided by height squared (kg/m 2 ). Acute Physiology and Chronic Health Evaluation II (APACHE II) score is a known severity of disease classification system for hospitalized adult patients. This index is calculated using 3 main parts: score based on acute physiologic variables and Glasgow coma scale, score based on age grouping of patients, and score based on chronic health problems and one or more organ failure in patient. [29] Finally, the points calculated for these parts were summed and used for rating patients in terms of disease severity.
Energy and macronutrients assessment
The values of energy and protein requirements were calculated based on 25-30 kcal/kg/day and 1.2-2 g/kg/day formulas, respectively. [30] The rest of the daily caloric requirements were divided between carbohydrates and fats (48%-55% for carbohydrates and 23%-30% for fats).
The volume and type of enteral nutrition solution administered to each patient were recorded daily. These values were summed and total used volume of enteral nutrition solution during hospitalization was calculated. Then, using the energy and macronutrients values obtained from the chemical analyses, the average daily intake of energy, protein, carbohydrate, and fat was calculated according to the mean amount of enteral nutrition solution received by the patient in 24 h.
Micronutrient assessment
Using the micronutrients values obtained from the chemical analyses, the daily intake of each micronutrient (Vitamin C, phosphorus, calcium, magnesium, zinc, and copper) was estimated according to the mean amount of enteral nutrition solution received by the patient in 24 h. Then, nutrient adequacy ratio (NAR) was calculated by dividing daily patient intake to dietary recommended intake for each micronutrient. Finally, the sum of all calculated values divided by the number of NARs presented as a mean adequacy ratio (MAR). [31] Chemical analysis of enteral nutrition solutions Four hospitals in Isfahan, Iran, were selected for participation in the present study. One NCENS sample was randomly collected from each hospital, except in one of hospitals which prepared two types of NCENSs for patients. Moreover, two types of CENSs were used in these hospitals. Totally, five NCENSs and two CENSs samples were analyzed in terms of macronutrients and some micronutrients in the Food Laboratory of Food Security Research Center and School of Nutrition and Food Sciences, Isfahan University of Medical Sciences, Isfahan, Iran. different among these solutions (P = 0.64). All micronutrients values were higher in CENSs compared with NCENSs, except for phosphorus (P = 0.66) and calcium (P = 0.63) with no significant difference and a marginally significant difference for potassium (P = 0.05). Moreover, high variation range of nutritional composition was observed in NCENSs versus CENSs. The standard values for energy and protein content of enteral nutrition solutions have been estimated to be 1-1.2 kcal/ml and 16%-32%, respectively. [30] The average content of energy for NCENSs and CENSs were calculated 0.96 and 1.12 kcal/ml, respectively. Therefore, it is observed that the value regarding NCENSs is not in the standard range. Furthermore, the mean amount of protein in both solutions was reported to be 14%, which is lower than the estimated standard value. Table 3 , comparing values of energy and macronutrients requirements and intakes between patients receiving NCENSs and CENSs, illustrates that although nutritional needs of patients in two groups were not significantly different, all values related to nutritional deliveries in patients who fed CENSs were significantly higher than another group (P < 0.001). Moreover, within group comparisons indicated that the amounts of intake and requirement of energy (1450 vs. 1855.2 kcal/day; P < 0.001) and carbohydrate (181.3 vs. 236.13 g/day; P < 0.001) were significantly different in NCENSs receiving group. On the contrary, there was no Protein, carbohydrate, and fat were measured using Kjeldahl, copper reduction, and Folch methods, respectively. These values were reported as gram per 100 ml sample. The energy content was calculated as 4, 4, and 9 kcal/g carbohydrate, protein, and fat, respectively, which reported for per 100 ml sample. The values of some micronutrients such as Vitamin C, phosphorus, calcium, magnesium, zinc, copper, sodium, and potassium were measured and reported as mg/100 ml. Phosphorus, calcium, and Vitamin C were measured using vanadate colorimetric, permanganate titration, and iodine titration methods, respectively. Sodium and potassium were determined by flame photometry. Spectroscopy method was used for measuring magnesium, zinc, and copper.
Statistical analysis
Data were reported as mean ± SD. The normal distribution of variables was tested by the Kolmogorov-Smirnov test and histogram curve. Comparisons were made using independent samples t-test and Mann-Whitney U-test for normally and nonnormally quantitative variables, respectively. Chi-square test was used for evaluating the qualitative variables. To compare the variations of continuous variables of nutritional intakes, we used analysis of covariance which was adjusted for amount of enteral nutrition solution intake because different amount of solutions intake can lead to bias our estimates of patients' nutritional intakes. Wilcoxon's rank-sum test was applied for comparing the paired data. All statistical analyses were performed with SPSS software version 16, IBM Corporation. The statistical significant level was considered as P < 0.05.
Results
Among 270 patients involved in the present study, there were 150 patients who fed NCENS and 120 patients who fed CENS. The demographic and clinical characteristics of patients have been reported in Table 1 . The mean age for patients receiving NCENS and CENSs were 55.46 and 53.13 years, respectively (P = 0.29). There were no significant differences between two groups with regard to age, sex, weight, BMI, and MUAC. Patients in both groups had male sex predominately. Although APACHE II scores for patients administered NCENS was higher than another group, this difference was not statistically significant (P = 0.49). The number of patients in each group on the basis of admission diagnoses was comparable.
According to results obtained from chemical analyses of NCENSs and CENs, as shown in Table 2 , no significant difference was observed in respect of energy (P = 0.43), protein (P = 0.61), and carbohydrate (P = 0.79). The mean concentration of fat in NCENSs and CENSs was 3.55 and 4.54 g/100 ml, respectively, indicating a marginally significant difference (P = 0.05), although the fat amount based on percentage of energy was not significantly significant difference between these values in CENSs receiving group (P = 0.08 for energy and P = 0.11 for carbohydrate). In addition, the results showed that in both groups, the protein delivery of patients was markedly lower than their requirements (P < 0.001). Furthermore, although it was observed that the fat intake in patients who fed CENSs was significantly higher than their requirement (71.12 ± 25.21 vs. 53.14 ± 6.39 g/day; P < 0.001), there was no significant difference between these values in patients who fed NCENSs (P = 0.46). Overall, adequacy intake of energy and macronutrients was observed in significant greater percent of patients administered CENSs compared with NCENSs receiving group [ Table 4 ].
Analyses of micronutrient deliveries demonstrated that in patients receiving CENSs, NAR for all micronutrients as well as MAR was significantly higher than patients in NCENSs group (P < 0.001) [ Table 5 ]. Although NARs for magnesium (0.43), zinc (0.97), copper (0.21), and also MAR (0.88) were lower than 1 in NCENSs receiving group, all NARs values were higher than 1 in the other group. Moreover, the comparison of sodium and potassium intakes in Table 6 shows a significant difference between two groups (P < 0.001). 
Discussion
The present study demonstrated that CENSs contain more energy and nutrients compared with NCENSs which can better meet the patients' nutritional requirements. To the best of our knowledge, this is the first study examining the quality of different types of enteral nutrition solutions (NCENSs and CENSs) and their capability to provide nutritional requirements in patients, which can be helpful in choosing the proper enteral nutrition solution for enterally fed patients.
Although chemical analyses of NCENSs and CENSs
showed that the average of energy and macronutrients content in these solutions were not significantly different, it is noteworthy that variation range of these values in NCENSs was greater than CENSs. Indeed, none of NCENSs had balanced macronutrient composition in which the amount of one macronutrient was higher than optimal value, but other values were lower than expected. On the contrary, macronutrients content of CENSs was balanced and no extensive variations were observed in them. As a result, calculated energy content for these two types of solutions was similar partially, whereas energy content of NCENSs included a range of higher and lower than standard values. In fact, these extensive variations of NCENSs compositions have led to close mean energy and macronutrients content of these solutions to CENSs values. A wide range for micronutrients concentration was also observed in NCENSs and the mean micronutrients content of these solutions was lower than CENSs.
High variability of nutritional composition of NCENSs has also been reported in other studies. [22, 23, 32] There are several likely sources for this variability including nutrient compositions of foodstuffs which can differ according to the geographical origin, the season and stage of maturity when the food was harvested, storage conditions, and methods employed during processing and cooking. [23, 32] In addition, there is no standard formulation for NCENSs preparation and hospitals use different foodstuffs to provide these solutions. [23] On the other hand, findings regarding nutritional status showed that energy and macronutrients deliveries in patients receiving CENSs were significantly higher than patients fed NCENSs. Although protein intake in patients who fed CENSs were higher than the other group, these solutions did not provide their protein requirement. Further analyses indicated that patients in CENSs group who have not been met their protein requirements had received standard CENS mostly, but in patients who fed high protein CENS, protein delivery was in the range of protein requirements (data not shown). Overall, CENSs provided the requirement values of energy, carbohydrate, and fat and NCENSs could not meet the patients' nutritional needs, except for fat.
Despite various potential advantages of enteral feeding compared with other feeding types in ICU patients, [21, 33] there are several limitations which lead to inadequate delivery of energy and nutrients in the number of enterally fed patients as previously observed in the most studies assessing the enteral nutrition in ICU patients. [34] [35] [36] [37] Airway management, diagnostic procedures, gastrointestinal dysfunction, and intolerance, in addition to inadequate timing in stopping and restarting enteral feeding, may limit † All values are mean±SD. N C E N S : N o n c o m m e r c i a l e n t e r a l n u t r i t i o n s o l u t i o n , CENS: Commercial enteral nutrition solution, SD: Standard deviation, ANCOVA: Analysis of covariance, NAR: Nutrient adequacy ratio, MAR: Mean adequacy ratio the daily volume of enteral nutrition prescribed via the gastrointestinal tract. [38, 39] In this study, insufficient energy and macronutrients delivery was also observed in some patients. The number of patients who have not been met their nutritional goals was significantly higher in NCENSs receiving group. These comparisons have been adjusted for amount of enteral nutrition solution intake; therefore, the same amount of CENSs versus NCENSs can meet the nutritional needs of higher number of patients.
On the other hand, comparing NARs illustrated higher values in patients fed CENSs. The NARs for all micronutrients were higher than 1 in CENSs, indicating the capability of these solutions to provide the micronutrient requirements of patients. NCENSs did not provide magnesium, zinc, and copper requirements. In addition, sodium and potassium intakes of patients in this group were significantly lower than patients in CENSs group. Since chemical analyses of enteral nutrition solutions showed that the amounts of all micronutrients were higher in CENSs, higher NARs in CENSs receiving group seem reasonable. Electrolyte disorders in ICU patients have been associated with increased morbidity and mortality due to their important roles in various metabolic and homeostatic functions. [40] For instance, magnesium is an important electrolyte and hypomagnesemia has been related to increased length of stay and mortality in ICU patients in several studies. [41] [42] [43] Therefore, the use of NCENSs in critically ill patients which have been provided only 43% of magnesium requirements is a cause for concern.
The present study has some limitations. There are differences in nutritional needs of patients admitted to the ICU due to variation of admission diagnosis or disease stage which were not considered. Indeed, nutritional goals of patients with regard to general recommendations were estimated. Further, chemical analyses were performed for a small number of enteral nutrition solutions samples and their microbial content was not examined. This study also has several strengths. Nutritional deliveries were exactly calculated based on compositions of enteral nutrition solutions obtained from chemical analyses. Moreover, besides energy and macronutrients, a proper comparison was performed between requirements and intakes of some important micronutrients in ICU patients through the NARs values calculating. Overall, in this study, a relatively complete comparison was done between different types of enteral nutrition solutions and values of nutritional requirements and intakes in the patients receiving these solutions were examined separately.
Conclusion
Due to hypermetabolic state of most patients admitted to the ICU, lack of attention to their nutritional goals can lead to occurrence and progress of malnutrition and its complications. Therefore, selection of proper nutritional formula to meet patient nutritional needs has a great importance, which can play a significant role in patient recovery. The results of the present study demonstrate that the use of CENSs which contain more energy and nutrients compared with NCENSs is more effective in providing nutritional requirements of enterally fed patients. Further researches assessing the more samples of enteral nutrition solutions and higher number of patients are needed to reach more reliable conclusions.
